The understanding of the molecular mechanisms of sex differentiation in the mosquito Anopheles gambiae could identify important candidate genes for inducing selective male sterility in transgenic lines or for sex-controlled expression of lethal genes. In many insects, doublesex (dsx) is the double-switch gene at the bottom of the somatic sexdetermination cascade that determines the differentiation of sexually dimorphic traits. We report here on the identification of the dsx homologue in A. gambiae and on the characterization of its sex-specific transcripts. Agdsx consists of seven exons, distributed over an 85·kb region on chromosome 2R, which are sex-specifically spliced to produce the female and male AgdsxF and AgdsxM transcripts. AgdsxF contains a 795·bp ORF, coding for a protein of 265 amino acids, while AgdsxM comprises a much longer (1866·bp) ORF, coding for a 622·aa protein. Differences in the exon/intron organization suggest that Agdsx sex-specific splicing results from a different mechanism from Drosophila melanogaster dsx. These findings represent an important step towards the understanding of sex differentiation in Anopheles and will facilitate the use of gene transfer technologies to manipulate sex ratios for vector control programs based on the sterile insect technique.
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The molecular processes leading to sexual differentiation in Anopheles gambiae have not yet been elucidated despite the importance of these mosquitoes as vectors of human malaria. If identified, genes responsible for the sexual fate of these insects could represent invaluable tools for the development of novel malaria control measures such as those based on the sterile insect technique (SIT). SIT involves the release of large numbers of sexually active but genetically sterile males in order to achieve eradication of wild-type insects. The chances of success of SIT ultimately rely on the development of efficient genetic sexing strains and on the mating competitiveness of the released sterile males. Limited success or failure of previous mosquito SIT programs has emphasized the limitations of current methods for sex separation and the downsides of irradiation-based sterilization procedures, which have detrimental effects on the fitness of the released insects (Benedict and Robinson, 2003) . Unraveling the molecular mechanisms of sex determination in Anopheles would provide crucial information on target genes and sex-specific splicing patterns, which could be used to induce male sterility and develop new molecular sexing methods, thus expanding the tool kit available for SIT programs.
In nature, sexual differentiation is achieved through a variety of mechanisms, which determine morphological, physiological and behavioral traits in most living organisms. Despite the striking differences in the machinery determining sex and in the individual genes involved, a common pattern can be recognized among distinct taxonomic groups: a primary signal, a key gene and a regulatory control gene lead to a double-switch gene, which selects between alternative sexual programs. In Drosophila melanogaster, one of the best characterized organisms both genetically and molecularly, the primary signal of somatic sex determination is the ratio of X chromosomes to autosomes (X:A ratio). An X:A ratio of 1.0 (2X:2A) dictates female development while an X:A ratio of 0.5 (1X:2A) determines male development (Cline, 1993) . The sole target of the primary signal is the key gene sex-lethal (sxl), which becomes active in females and is inactive in males. SXL then acts as a splicing regulator of transformer (tra) pre-mRNA (Boggs et al., 1987) . Although tra is transcribed in both sexes, a splice form of its transcript leading to a complete open reading frame (ORF) occurs only in females. The final double-switch gene in the somatic sex determination cascade is doublesex (dsx). Dsx codes for two sex-specific transcription factors (DSX F in females and DSX M in males) that activate or repress the final genes necessary for the differentiation of sexually dimorphic traits. Sex-specific transcripts of dsx result from 3702 differential splicing that depends on the function of tra. In females, TRA, along with the product of the constitutively active gene tra2, acts as a splicing regulator by binding to splice enhancer sites (dsxREs) present on the pre-mRNA of dsx, activating a weak female-specific 3Ј acceptor site preceding the female-specific exon (Baker and Wolfner, 1988; Burtis and Baker, 1989; Hoshijima et al., 1991) . In males, where TRA is inactive, the weak 3Ј acceptor site is not recognized, causing the splicing of the female-specific exon and, instead, the inclusion of two downstream malespecific exons.
Analysis of the cascade in other insects supports a bottomup model of evolution for sex determination (Wilkins, 1995) . The last gene in the cascade is the most ancient and conserved while upstream regulators have strongly diverged during evolution. Homologues of the key gene sxl have been isolated from Chrysomya rufifacies (Muller-Holtkamp, 1995) , Megaselia scalaris , Musca domestica (Meise et al., 1998) and Ceratitis capitata (Saccone et al., 1998) , where they do not play a role in sex determination. With the exception of C. capitata (Pane et al., 2002) , no homologues of tra have been found outside of the genus Drosophila, and the sequence has diverged considerably even within this genus (O'Neil and Belote, 1992) . Homologues of the gene tra2 have been found in Drosophila virilis (Chandler et al., 1997) , humans (Dauwalder et al., 1996; Nayler et al., 1998) and mice (Segade et al., 1996) . On the other hand, homologues of Dmdsx in Bactrocera tryoni (Shearman and Frommer, 1998) , M. scalaris , C. capitata (Saccone, 1996) and M. domestica (Hediger et al., 2004) are largely conserved in exon-intron structure and sex-specific splicing regulation, suggesting functional conservation. These dsx homologues share most of the features of Dmdsx, which include cis-regulatory elements such as the TRA/TRA2 splice enhancer elements dsxREs and a purine-rich enhancer (PRE), a weak 3Ј splice acceptor site preceding the female-specific exon and the domains necessary for functional properties related to DSX (DNA-binding domain DBD and oligomerization domains OD1 and OD2). Some features are also conserved in the more distantly related lepidopteran Bombyx mori, where, however, the regulatory mechanisms of the sex-specific processing are different Suzuki et al., 2001) . Dsx homologues have also been identified in Caenorhabditis elegans (Raymond et al., 1998) , humans (Raymond et al., 1999b) , mice and chickens (Raymond et al., 1999a) .
In the present study, we have characterized the sexspecific splicing forms of the A. gambiae dsx gene and elucidated its chromosomal exon-intron organization. The gene is distributed over an 85·kb region of chromosome 2R and is composed of multiple exons, which are alternatively spliced to produce female-and male-specific transcripts. Based on the sequence conservation, exon-intron organization and transcription pattern, our results strongly indicate a role for Agdsx in determining the sexual fate in A. gambiae.
Materials and methods

Sequencing tools and screening of the cDNA library
To isolate the putative homologue of the dsx gene in A.
gambiae, the Ensembl Mosquito Genome (http://www.ensembl.org/Anopheles_gambiae) and NCBI (http://www.ncbi.nlm.nih.gov/BLAST/) browsers were searched. Amino acid sequence alignment of DSX orthologues was performed using the CLUSTAL W program. Degenerate primers commonfor (5Ј-GTACTGCAAGTATCGCGCC-3Ј) and commonrev (5Ј-GCTCCCATATGCTGCGG-3Ј) were designed to amplify the dsx common region (DBD/OD1) from A. gambiae Giles sensu stricto genomic DNA (KWA Strain). The cycle conditions included an initial denaturation of 5·min at 95°C, followed by 40 cycles of 95°C for 30·s, 54°C for 30·s and 72°C for 1·min, with a final elongation step of 72°C for 10·min. This fragment (Probe 5Ј) was then used to screen a ZAP (Stratagene, La Jolla, CA, USA) pupal A. gambiae cDNA library (kindly provided by Peter Billingsley) following the manufacturer's instructions (Gare et al., 2003) .
RT-PCR and northern blot analyses
Total RNA was extracted from adult male and female A. gambiae mosquitoes using Tri Reagent (Helena Biosciences, Sunderland, UK), according to manufacturer's instructions. Pupae were sexed by comparing their terminalia under a dissecting microscope. The Superscript First-Strand Synthesis System (Gibco, Gaithersburg, MD, USA) was used for firststrand cDNA synthesis using oligo d(T) primers and total RNA, according to manufacturer's instructions. PCR was performed essentially as described above except that the annealing temperatures were adjusted to individual primers. Standardization was performed with primers S7for (5Ј-GGC-GATCATCATCTACGTGC-3Ј) and S7rev (5Ј-GTAGCT-GCTGCAAACTTCGG-3Ј), which amplify the housekeeping S7 ribosomal gene. Other primers included: dsx1f (5Ј-AAAG-CACACCAGCGGATCG-3Ј), dsx2f (5Ј-TCTACAATCAAT-CAATCCGTG-3Ј), dsx3f (5Ј-ACCATCGTTCAACCAAT-ACC-3Ј), dsx1r (5Ј-CACCGAGATGTTCTCGTCC-3Ј), dsx2r (5Ј-TCCACTCTGACGGGTGGTATTGCG), dsx3r (5Ј-GATTGATTGATTGTAGAGTGG-3Ј), dsxef (5Ј-TTTC-GATCGTGCAACGAAGG-3Ј) and dsxer (5Ј-TTTG-GTGGGAAATTGGGCG-3Ј).
For northern blot analysis, 10·g of total RNA from male and female adults was isolated as described above and hybridized with a 32 P-labeled Probe 5Ј (described above) and Probe 3Ј, a 446·bp fragment amplified from genomic DNA with dsx3Јf (5Ј-GAAGTCATCGCTCGATCCG-3Ј) and dsx3Јr (5Ј-CCAGGCTCTCGTACACG-3Ј), following well established protocols (Sambrook, 1989) .
Southern blot analysis
For Southern blot analysis, a total of 5·g of genomic DNA from male and female A. gambiae adults was digested with BamHI, HindIII or XhoI and hybridized with Probe 5Ј as previously described (Catteruccia et al., 2000) .
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Sequencing of splice acceptor sites
In order to obtain the sequence of the 3Ј splice acceptors within introns 2, 3, 4 and 5, PCR amplification from genomic DNA was performed as described above. Primers intron2f (5Ј-CTCCGAGGTGAACAATCGG-3Ј) and intron2r (5Ј-AGGA-GATTTACAGGTTCTGG-3Ј) amplified a fragment of intron 2; intron3f (5Ј-GCTGCCACGATTGACACC-3Ј) and intron3r (5Ј-TTCAGTATGACGTACATCAGG-3Ј) amplified a fragment of intron 3; intron4f (5Ј-TAAAGAGCGCCGAT-GGCG-3Ј) and dsx2r (above) amplified intron 4; and intron5f (5Ј-ACAATCAATCAATCCGTGCAG-3Ј) and dsx1r amplified intron 5. Amplification products were cloned into the pGEM T-easy vector according to manufacturer's instructions. Sequencing reactions were performed using the ABI Prism fluorescence sequencing kit (Applied Biosystems, Foster City, CA, USA). Sequencing of the inserts was performed using primers annealing on the vectors M13left (5Ј-GTAA-AACGACGGCCAGT-3Ј) or M13rev (5Ј-GGAAACAGC-TATGACCATG-3Ј).
Results
Female-and male-specific transcripts of Agdsx
The A. gambiae expressed sequence tag (EST) database was searched in order to identify the putative orthologue of the D. melanogaster dsx gene. A clone P4060 (GenBank accession no. EAA05330) was identified with significant homology to Dmdsx. Analysis of the available A. gambiae genomic sequence could identify the DBD/OD1 and OD2 regions, as well as a region with high similarity to the female-specific coding sequence from other insects. However, sequence analysis and comparison with D. melanogaster did not provide any clue as to the nature of the male-specific sequence and about the exon/intron organization of the Agdsx locus. Degenerate primers were designed using those parts of the translated sequence of the P4060 clone displaying high homology to the DBD/OD1 domains of Dmdsx. A 355·bp fragment was amplified from genomic DNA, which exhibited 82% identity at the nucleotide level and 80% identity at the protein level with Dmdsx. To search for the sequence of the female-and male-specific transcripts of Agdsx, a mixed pupal A. gambiae cDNA library was screened with this fragment (Probe 5Ј). A total of 14 clones were isolated from the screening of the cDNA library, some of which encoded truncated proteins, because of incomplete splicing, and were disregarded in the analysis (Fig.·1) . Three of the clones contained the highly conserved female-specific region and were therefore classified as female (AgdsxF), while one clone lacking this region was classified as male (AgdsxM). The three putative AgdsxF clones F1, F2 and F3 were 3.1·kb, 4.5·kb and 5.8·kb long, respectively (GenBank accession no. DQ137802). Clones F1 and F3 shared similar 5Ј regions, except that F1 was 230·bp longer at the 5Ј end, while F2 and F3 had identical 3Ј ends, which extended for a further 3·kb downstream from the 3Ј end of F1 (Fig.·1) . The putative AgdsxM clone M1 was 6.0·kb in length and did not contain the highly conserved female-specific coding sequence and 1.6·kb of 3Ј UTR immediately downstream of it (GenBank accession no. DQ137801). This suggests that this region (1.7·kb in total) is spliced out in male transcripts (Fig.·1) , resulting in the translation of a downstream 387 amino acid region, likely to correspond to the male-specific part of Agdsx. Clone M1 extended for a further 2.6·kb downstream from the 3Ј end of female clones F2 and F3. This region contained a series of polyadenylation signal sequences, which were absent in the female clones (Fig.·1) .
Analysis of the Agdsx sex-specific transcripts RT-PCR analyses were performed to confirm the structure of the male and female transcripts (Fig.·2) . A first set of primers was designed to flank the 1.7·kb region present in female clones F2 and F3 but absent in male clone M1 (for primer locations, see Fig.·1 ). RT-PCRs using primers dsx1f and dsx1r amplified a 125·bp product in male adults, consistent with excision of this region in the mature transcript as predicted by the analysis of the cDNA (Fig.·2A) . It was not possible to amplify the expected 1.7·kb fragment in females, possibly due to the length of the transcript. However, RT-PCR reactions performed with primers dsx1f and dsx1r, in combination with primers dsx2r and dsx2f, respectively, produced amplification products in females that were consistent with the structure of the putative female transcripts. These combinations of primers did not generate any product in males (Fig.·2B,C) . Similarly, RT-PCR experiments carried out using primers dsx3f and dsx3r, which anneal within the 1.7·kb region, amplified a 475·bp band in female, but not male, adults (Fig.·2D) . All PCR products were cloned and their sequences were shown to match the results obtained from female and male cDNA clones. No amplification was detected in the absence of reverse transcription (data not shown). These results strongly indicate that the 1.7·kb region containing the femalespecific exon is spliced out in the mature male transcript, a situation observed in other dsx homologues (Hediger et al., 2004; Kuhn et al., 2000; Ohbayashi et al., 2001; Saccone, 1996; Shearman and Frommer, 1998 ). An additional RT-PCR reaction was performed with primers dsxef and dsxer (Fig.·1) , annealing on the 3Ј extension present in the cDNA clone M1 but not in the female clones. Interestingly, these primers amplified a band of 379·bp from both female and male adult cDNA, indicating that the mature transcripts in both sexes share similar 3Ј ends (Fig.·2E ). This suggests that the AgdsxF clones isolated from the cDNA library were not full-length at the 3Ј end, in agreement with the observation that they lacked polyadenylation signals.
To determine whether sex-specific transcripts of dsx were present in A. gambiae, northern blot hybridization was performed. Probe 5Ј was hybridized to total RNA from male and female adults (Fig.·2G) . In female adults, two transcripts of approximately 9·kb and 8.2·kb were detected, which possibly corresponded to identical transcripts resulting from the use of polyadenylation sites downstream of the 3Ј end of the isolated female cDNA clones. In male adults, a single transcript of approximately 6.5·kb was detected, consistent with the size of the cDNA clone M1. Hybridization experiments performed with Probe 3Ј (Fig.·1) , which encompasses a 446·bp sequence downstream of the femalespecific region, showed the same banding pattern observed with Probe 5Ј, confirming the presence of this region in both female and male transcripts (data not shown).
Genomic organization of Agdsx
Transcript analysis and genomic sequence allowed us to draft the structural organization of Agdsx, define exon-intron boundaries and characterize alternative sex-specific splicing. In Drosophila, the Dmdsx gene is spread over a 45·kb region on chromosome 3R and consists of three common exons, followed by a female-specific and two male-specific exons (Fig.·3) . DmdsxF translation initiates at the AUG within exon 2 and terminates within the female-specific exon 4, while in the case of DmdsxM, translation begins at the same AUG and terminates within the first male-specific exon 5. Similarly, the Agdsx gene is spread over an 85·kb region of chromosome 2R and consists of seven exons, the first four of which code for the common region of the protein (705·bp) (Fig.·3 ). Exon 5 (1.7·kb) is female-specific, and exon 6 (1.2·kb) represents the male-specific coding sequence and flanking UTR, which is transcribed completely as UTR in the female. Finally, exon 7 (2.6·kb) is a non-coding exon in the UTR of both female and male transcripts. The complete female-specific transcript contains a 795·bp ORF, coding for a protein of 265 amino acids. By sequence comparison with Dmdsx, it can be assumed that translation initiates at an AUG within exon 2 and C. Scali and others terminates in the female-specific exon 5 with two successive stop codons, opal and ochre (UGAUAA), a feature conserved in other Diptera . The male-specific transcript contains a much longer (1866·bp) ORF, coding for a 622·aa protein. The ORF starts at the same position in exon 2 and terminates within exon 6 (Fig.·3 ). Multiple sequence alignment of A. gambiae DSX M and DSX F with the DSX proteins from D. melanogaster and other Diptera shows a high degree of sequence conservation in the N-termini up to the unique zinc finger-like DBD/OD1 domain and the common part of the OD2 domain, whose end marks the beginning of the sex-specific regions (Fig.·4) . Furthermore, six residues (Cys, His, His, Cys, Cys and Arg) within the DBD/OD1 that have been shown to be essential for DNAbinding activity in D. melanogaster are conserved in Agdsx (Erdman and Burtis, 1993) . The C-terminal regions of the DSX F proteins show very high sequence conservation among the different insects. A sequence corresponding to the OD2 domain in the female region is very highly conserved, and the stop signal (UGAUAA) is identical among the different species. On the other hand, multiple alignments show very little similarity in the DSX M regions. One common feature that can be observed is the greater length of the male-specific regions when compared with the female-specific parts. Several of the DSX M orthologues contain strings of repeated amino acids, and AgDSX M contains regions rich in proline, serine, glutamic acid and threonine (PEST regions), a characteristic observed in DmDSX M (Fig.·4 ).
Agdsx is a single-copy gene Southern blot hybridization was performed in order to determine whether sex-specific transcripts of Agdsx are the result of alternative splicing of a single gene or are transcribed from two similar genes. The 5Ј probe (see Fig.·1 for location) was hybridized to genomic DNA of male and female A. gambiae adults digested with three restriction enzymes that do not cut within the probe sequence. Only one genomic band was observed in each lane and no size differences were observed in the sexes, suggesting that Agdsx is most likely a single-copy gene (Fig.·5) . Therefore, the sex-specific Agdsx transcripts are the result of differential splicing of the same primary transcript.
Agdsx regulatory elements for the splicing of the femalespecific exon In Dmdsx, the inclusion or the exclusion of the femalespecific exon depends on the presence of a weak 3Ј splice site in the preceding intron. This weak 3Ј splice site contains a polypyrimidine tract that is interrupted by purine residues (only six residues out of 12 are pyrimidines), making it inefficiently recognized by the splicing machinery. It is thought that TRA and TRA2 activate this weak 3Ј splice site by binding to nearby dsxREs and PRE elements present in the 3Ј UTR of the femalespecific exon, to bring about the female mode of splicing (Inoue et al., 1992; Lynch and Maniatis, 1995) . The absence of TRA in males leads to a default male-specific splicing in which the weak 3Ј splice site is not recognized and the next downstream acceptor site is chosen by the splicing machinery, causing the splicing out of the female-specific exon. Genomic sequence and transcript analysis indicate that, in A. gambiae, splicing into sex-specific transcripts does not depend on the choice of an alternative 3Ј splice site. In Agdsx, two introns The intron/exon boundaries at the 3Ј of introns 2, 3, 4 and 5 were amplified from genomic A. gambiae DNA, cloned and sequenced to analyze the 3Ј splice acceptor sites. The number of pyrimidines (Pyr) in the 12·bp preceding the 3Ј acceptor site (NYAG) is indicated. The consensus number of pyrimidines (8.69) is derived from the analysis of 215 A. gambiae splice acceptor sites. Intron 4 represents the intron preceding the female-specific exon 5, and its polypyrimidine stretch does not deviate significantly from the consensus, suggesting it may not be a weak acceptor site.
flank the female-specific region (exon 5; Fig.·3 ) to form a cassette exon, which is either retained (in females) or excised (in males). Importantly, the 3Ј acceptor site preceding exon 5 does not appear to be weak, as its polypyrimidine stretch (8/12 pyrimidine residues) does not deviate significantly from the consensus number for splice acceptor sites (8.69), which is C. Scali and others The sequence is divided into (A) the region that is common to DSX F and DSX M , (B) the conserved female-specific parts and (C) the highly divergent male-specific regions. The DBD/OD1 and OD2 domains are indicated. Black boxes represent areas of amino acid identity; gray boxes represent areas of amino acid similarity; the asterisks indicate six amino acids whose replacement has been shown to abolish DNA-binding activity in D. melanogaster. Anopheles gambiae doublesex based on a tabulation of 215 A. gambiae intron sequences (Table·1). Furthermore, although a group of six 13·nt-long sequences with 9-11·nt identity with the dsxRE from D. melanogaster and two potential PREs are found in the 3Ј UTR of exon 5, they are located immediately upstream of the 5Ј donor site of the following intron (intron 5), much further downstream from the 3Ј acceptor splice site of intron 4 than in D. melanogaster (Table·2). These observations suggest that a different type of regulation may be occurring in A. gambiae, with the female splicing pattern brought about by the activation of the 5Ј donor site of intron 5 through the action of TRA and TRA2.
Discussion
In this study, we report the isolation of the sex-specific splicing transcripts of the A. gambiae dsx gene as well as the characterization of its locus structure. Bioinformatic analysis of the A. gambiae genome identified a clone (P4060) with significant homology to Dmdsx in the functional domains (DBD/OD1, OD2) and in the female-specific coding region, which are highly conserved in other homologues. Nevertheless, comparative genomics could not help in identifying the male-specific region in Agdsx due to the lack of sequence conservation of this region amongst organisms. Furthermore, the distinctive exon/intron organization of the Agdsx locus and splicing pattern of the female and male transcripts could not be inferred from the available sequence data. Therefore, it was necessary to perform an in-depth molecular analysis to obtain the sequence of the sex-specific transcripts of Agdsx and to understand its exon/intron organization.
Agdsx is organized in an exon/intron structure spanning an 85·kb region of chromosome 2R, with similarities to Dmdsx and homologues from other insects. The female transcript consists of a 5Ј common segment, a female-specific part and a 3Ј common region, while the male transcript comprises only the 5Ј and 3Ј common segments. The 5Ј common region is organized into four exons (1-4), the female-specific segment corresponds to exon 5, while the 3Ј common segment consists of exons 6 (which encodes for the male-specific part) and 7. In both females and males, translation initiates at the same start codon in exon 2, while it terminates within the female-specific exon 5 in AgdsxF transcripts and within exon 6 in AgdsxM transcripts. The male-specific region is therefore transcribed as a UTR in females, a situation seen in M. scalaris (Kuhn et al., (A) Sequence of six putative AgdsxRE elements with high homology to the splice enhancer dsxRE elements from Dmdsx, identified near the end of the female-specific exon 5. The upper-case letters match the consensus dsxRE from Dmdsx. The distance of these elements from the 3Ј splice acceptor site of intron 4 (bp to 3Ј) and the 5Ј splice donor site of intron 5 (bp to 5Ј) are indicated, as well as the distance of the dsxRE region from the weak 3Ј acceptor site of intron 3 in Dmdsx (Fig. 3) . The dsxRE elements in Agdsx are found much further downstream from the 3Ј splice acceptor site than in Drosophila, immediately upstream of the 5Ј donor site of intron 5, a situation seen in the sex-specific splicing of the D. melanogaster fruitless gene (Dmfru). The D. melanogaster fruRE elements are shown, as well as their distance from the alternative 3Ј splice acceptor and the female-specific 5Ј donor site of the following intron (Lam et al., 2003) . ( Suzuki et al., 2001 ) dsx homologues.
Although this situation differs from D. melanogaster, where female transcription terminates before the appearance of malespecific exons, the composition of the proteins is the same in the two species. The AgDSX M and AgDSX F proteins consist of a common N-terminus and sex-specific C-termini. The Nterminus features a highly conserved zinc finger-like DBD/OD1 as well as the non-sex-specific part of the OD2. While the female-specific region is very highly conserved, the male-specific part shows little sequence conservation amongst all DSX M homologues. The only conserved features are the greater length with respect to the female regions and the presence of strings of repeated amino acids and certain 'PEST' amino acids in some of the DSX M homologues. Sex-specific transcripts were detected in both northern blots and RT-PCR analyses. Two female-specific bands of different size were detected in the northern blot experiments, probably representing transcripts containing alternative polyadenylation sites located downstream of the 3Ј end of the female F2 and F3 cDNA clones. The presence of alternative polyadenylation sites has been reported in dsx homologues from other organisms . The size of the female clones isolated from the cDNA library is considerably smaller than expected from the size of the female transcripts detected in the northern blots. However, RT-PCR experiments showed that female and male transcripts share similar 3Ј regions that extend beyond the 3Ј end of the female cDNA clones, suggesting that these did not contain the entire 3Ј UTR. Indeed, including the 3Ј UTR from clone M1 in the calculation for the length of the female cDNA transcripts results in a good match with the size of the bands detected in northern blot analyses in female adults (Fig.·2G) . On the other hand, the cDNA clone M1 is likely to represent the full male transcript, as its size is consistent with the band detected in the northern analysis.
Apart from the highly divergent sequence of the malespecific region, the major difference between Agdsx and Dmdsx resides in the splicing mechanism of the female-specific exon. In D. melanogaster, the inclusion or excision of the female-specific exon depends on the presence of a weak 3Ј acceptor site in the preceding intron. Activation of this splice site in females is brought about by TRA and TRA2, which form a multiprotein complex with RNA-binding protein 1 and bind to cis-regulatory elements (dsxREs and PRE) present in the 3Ј UTR of the female-specific exon immediately downstream of the 3Ј splice acceptor site (Hoshijima et al., 1991; Inoue et al., 1992; Lynch and Maniatis, 1995) . In males, the absence of TRA leads to a default male-specific splicing in which the weak 3Ј splice site is not recognized and the next downstream acceptor site is chosen by the splicing machinery, resulting in the splicing of the female-specific exon. On the other hand, in A. gambiae, the retention of exon 5 in females seems to depend on the activation of the 5Ј donor site of the downstream intron 5. This scenario would resemble the splicing of fruitless (fru) in D. melanogaster, where the TRA/TRA2 enhancer complex activates a female-specific 5Ј splice site (Lam et al., 2003) . Similarly to Agdsx, fru contains repeat elements (fruREs) nearly identical to the DmdsxREs but located immediately upstream of this alternative 5Ј splice donor site, approximately 1.3·kb downstream of the 3Ј acceptor site of the preceding intron (Table·2A). The remarkable similarity between Agdsx and Dmfru suggests that splicing of Agdsx follows the same mechanism, with the female mode of splicing occurring though the activation of the 5Ј splice site of intron 5 following the binding of TRA and TRA2 to the AgdsxREs. On the other hand, the female transcript may represent the default splicing mode, with the 5Ј donor site of intron 5 repressed in males. The region preceding intron 5 shows the presence of putative silencer-binding sites such as guanosine-rich motifs (GGGG and UAGG), which are involved in the regulation of a cassette exon in the glutamate NMDA (N-methyl-D-aspartate) R1 receptor (GRIN1) (Grabowski, 2004) . Alternatively, a decoy 3Ј acceptor site could engage the 5Ј donor site of intron 5 in a non-productive interaction, conferring in turn a competitive advantage to the skipping of exon 5, as found in the caspase-2 pre-mRNA (Cote et al., 2001) .
Conservation of the exon/intron structure and of the functional regions (DBD/OD1, OD2) found in all known dsx homologues suggests a role for Agdsx in dimorphic differentiation in A. gambiae. The identification of female-and male-specific transcripts of Agdsx represents an important step towards the understanding of the sex differentiation process in A. gambiae and will facilitate the development of genetic tools to induce male sterility or manipulate sex ratios in mosquitoes, for instance by constitutively expressing the female-specific form of dsx in the male gonads or by inducing the sex-specific splicing of a dominant lethal.
